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Abstract The pollen/vegetation relationship in
broadleaved forests dominated by Castanea sativa
was analysed using an empirical approach. The pollen
content of surface sediments of three lake basins of
different sizes (6.3, 22.2, and 101.2 ha) in Ticino (southern
Switzerland) was used for a comparison with the sur-
rounding vegetation. We surveyed the vegetation around
the two small lakes, Lago di Origlio and Lago di Muzzano,
and estimated the relative crown coverage of tree species.
The regional vegetation outside the lake catchment (ca.
>1 km) was determined with the data from the first Swiss
National Forest Inventory. For the third large lake, basin
of Ponte Tresa, we used only this latter approach for
comparison with pollen data. We compare uncorrected
and corrected pollen percentages with vegetational data
that were processed with distance-weighting functions. To
assess the degree of correspondence between pollen and
vegetation data we define a ratio pollen/vegetation, which
allows a comparison at the taxon level. The best fit between
total pollen load and vegetation is reached for a distance
from the lake shore of ca. 300 m for Lago di Origlio
(150 × 350 m in size) and of ca. 600 m for Lago di Muz-
zano (300 × 750 m in size). Beside these general patterns,
our analysis reveals taxon-specific pollen dispersal patterns
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that are in agreement with results from previous studies
in northern Europe. Ratios of species with local (proxi-
mal) and long-distance (distal) pollen dispersal provide
evidence that pollen dispersal mechanisms can influence
the size of the taxon-related pollen source area, from small
(100–400 m) to large (>5 km) for the same lake. The
proportion of distal species increases with increasing lake
size, highlighting the predominance of atmospheric pollen
transport. We conclude that the large species-related differ-
ences in pollen source areas have to be taken into account
when the provenance at a site is estimated and discussed.
Keywords Pollen representation . Pollen correction
factors . Vegetation-pollen link . Vegetation history .
Southern Switzerland
Introduction
The reconstruction of past vegetational changes is impor-
tant for understanding ecosystem dynamics as well as the
impact of changing climate and land-use. Fossil pollen
records have been an important source of information about
changes in vegetation composition, but only a few palyno-
logical studies provide the spatial information and the res-
olution necessary to estimate pollen source areas (Bunting
et al. 2004). Pollen percentages do not correspond to vege-
tation abundance directly, being systematically affected by
production and dispersal biases (Prentice 1985). In addi-
tion, significant water-borne pollen transport may occur at
lakes where permanent inflowing streams drain large water-
sheds (Jackson 1994). According to Sugita (1994), the rele-
vant source area of pollen (RSAP) is defined as the distance
from a deposition point beyond which the relationship be-
tween vegetation composition and pollen assemblage does
not improve.
The concept of the pollen source area and the need
to understand pollen dispersal mechanisms have led to
different research efforts. Dispersal distances of pollen
grains were estimated empirically or simulated by means of
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quantitative modelling (for a historical overview, see Jack-
son 1994). Both empirical and simulation studies demon-
strate a correlation between the size of the lake and the rele-
vant source area of pollen. According to Jacobson and Brad-
shaw (1981), for lakes less than 1 ha in size, pollen assem-
blages will be dominated by pollen deriving from within a
few hundred metres. When a lake size increases, the propor-
tion of pollen transported from a long distance increases as
well (Brostro¨m et al. 2004; Jackson 1990). In addition, open
water bodies display different pollen-collecting properties
in comparison with moss polsters and humus samples, cap-
turing a substantial influx of regional pollen from the atmo-
sphere above the tree canopy (Prentice 1985; Sugita 1993).
Thus pollen records from large lakes represent a good esti-
mate of the background pollen input (regional vegetation).
Furthermore, the modelling approach (Sugita 1994; Sugita
et al. 1999; Bunting et al. 2004) suggests that the pattern
of vegetation within the landscape, patch size in particular,
affects the spatial sensing properties of pollen assemblages,
for example the greater the vegetation units, the larger the
relevant source area of pollen. The relative proportion of
landscape elements, such as size and distribution pattern
of openness, has also some effects on the estimates of the
relevant source area of pollen, while the number of taxa as
well as variations in the properties of a single taxon, such
as altering pollen fall speed or relative pollen productivity,
does not appear to affect the relevant source area of pollen.
In general, the estimated relevant source area of pollen re-
flects the minimum distance at which regional vegetation
composition is reached. As a consequence, the relevant
source area of pollen tends to be larger in the case of the
presence of larger vegetation patches (Bunting et al. 2004).
Similarly, the presence of rare communities increases the
relevant source area of pollen, by causing the regional veg-
etation composition to be reached at greater distance from
the deposition point of the pollen (Sugita et al. 1999). Ac-
cording to Bunting et al. (2004), the best estimate of the
relevant pollen source area corresponds to the area in which
the distribution of the taxa is more or less even.
Physical models (e.g. Prentice 1985; Sugita 1993) and
empirical studies (e.g. Jackson 1990), however, suggest
that pollen size and pollination biology play a role in
determining the dispersal behaviour of single taxa: for a
given lake, pollen with small sized grains usually origi-
nate from a larger area than those with large grains, while
wind-pollinated taxa tend to have a better pollen dispersion
than insect-pollinated ones. These authors highlight the fact
that the dispersal characteristics of pollen have a distance-
weighted influence on the pollen assemblage, giving more
influence to nearby plants (Prentice 1985). Thus the abun-
dance of each pollen type in a pollen assemblage may carry
a unique message with respect to size, location, and the area
covered by the plant populations (Jackson 1994).
Most studies dealing with the quantification of the pollen-
vegetation relationship have been carried out in north-
ern Europe (Scandinavian peninsula) and North America.
To our knowledge, no attempts exist for the temperate
broadleaved forests of the southern Alps, where Castanea
sativa (sweet chestnut) is dominant. As suggested by differ-
ent authors, additional studies are needed in different types
of vegetation, landscapes, and regions that refer to pollen
assemblages in which the deposition is integrated over sev-
eral years, in order to assess the possible differences in
pollen productivity and dispersal caused by various envi-
ronmental factors (Jackson and Wong 1994; Brostro¨m et al.
2004).
In this paper we discuss the results of the comparison
between pollen and vegetation for lakes located in the Cas-
tanea sativa broadleaved woodlands of southern Switzer-
land. In particular, we address the question whether the
results and models from northern Europe and North Amer-
ica do apply to the temperate broadleaved forests of the
southern Alps. In addition, we investigate whether taxon-
specific patterns are relevant for the definition of the source
area of pollen.
Study area
The study area is situated in the southern part of the Canton
Ticino (Sottoceneri) in southern Switzerland (Fig. 1).
The climate is warm-temperate and rainy, with a mean
annual precipitation of 1600–1700 mm and a mean annual
temperature of about 12 ◦C (Spinedi and Isotta 2004).
The predominance of summer rain (June-September,
ca. 800 mm of precipitation) contrasts with that of
Mediterranean climates. The geology is mainly formed
Fig. 1 The Sottoceneri (whole area) and the three study sites
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Table 1 Main characteristics
of the considered lakes Origlio Muzzano Ponte Tresa
Lake Lago di Origlio Lago di Muzzano Lago Ceresio
Greenwich longitude 8◦ 56′ 30′′ E 8◦ 55′ 30′′ E 8◦ 52′ 00′′ E
Greenwich latitude 46◦ 02′ 54′′ N 45◦ 59′ 57′′ N 45◦ 58′ 00′′ N
Elevation (m a.s.l.) 416 337 271
Size (ha) 6.34 22.22 101.24∗
Watershed size (ha) 123.0 164.0 435.0
Open area (%) 33 83 30
Mean size of the vegetation units (m2) 2904 (1079)∗∗ 1857 (340)∗∗ No data
Inlets 1 0 1∗∗∗
Surface geology Crystalline Crystalline Crystalline
∗the size of entire Lago Ceresio
is 4890 ha
∗∗including isolated tree
∗∗∗not considering the inflow of
the Lago Ceresio outside of the
Ponte Tresa basin
by Late-glacial siliceous deposits and metamorphic
crystalline rocks (gneiss) with a small spot of limestone in
the southeastern part (Fig. 1). The forests are dominated
by Castanea sativa up to 900 m a.s.l. Cultivation of the
sweet chestnut was initiated in the southern Alps by the
Romans nearly 2000 years ago (Conedera et al. 2004)
and was systematically favoured until the 1950s. Since
then, chestnut stands have tended to be invaded by other
trees, giving way to post-cultural successional dynamics.
At present other important trees in former pure chestnut
stands are Quercus petraea, Q. pubescens, Alnus glutinosa,
Fraxinus excelsior, Betula pendula, Fagus sylvatica, and
Tilia cordata (Conedera et al. 2001). Forest stands of
Ostrya carpinifolia are confined to limestone areas (Fig. 1).
Study sites
Three coring sites were selected in the study area, with
attention to the closeness of the studied lake (minimum
and maximum linear distance of 5.9 and 11.1 km respec-
tively, see Fig. 1), so that the background pollen rain can
be assumed to be similar for all selected sites. Table 1
summarizes the main characteristics of the three selected
lakes.
The basin of Ponte Tresa (PT; 271 m a.s.l.) is a sub-
basin of Lago Ceresio and has an inlet from the south in
Italy and a connection with the main lake body through
the straits of Monte Caslano on the east. This strait is very
narrow (<100 m), so that the basin of Ponte Tresa can be
considered as an independent lacustrine unit with a size of
101.24 ha. The main outlet of the “lake” of Ponte Tresa
(river Tresa) flows to the Lago Verbano. Lago di Origlio
(O; 416 m a.s.l.; 6.34 ha) has a minor inlet on the east and
an outlet on the north. Lago di Muzzano (M; 337 m a.s.l.;
22.22 ha) has no permanent inlet and only a minor outlet
to the Lago Ceresio.
Material and methods
Coring and sediments
The core of Lago di Origlio was taken in May 1994 from a
rubber boat in the northern deepest part of the lake, where
the water depth was 5.65 m (Tinner et al. 1998). The sed-
iment was frozen in place around an aluminium box con-
taining dry ice and alcohol. A sediment column 60 cm long
was recovered, and the topmost 47 cm were analysed con-
tiguously every 0.5 cm (Tinner et al. 1998). For this study
we selected nine samples from 11.75 to 7.25 cm sediment
depth, dated to ca. a.d. 1978–1984 ( ± 4 years; Tinner et al.
1998). The core of Lago di Muzzano was taken in July 2002
with a HTH-Teknik Kajak-sampler from a rubber boat. We
analysed seven samples between 6.5 and 0.5 cm depth. The
precise age is not known, but the biostratigraphical com-
parison with Origlio shows that the samples are later than
a.d. 1965 due to the regular presence of Ambrosia pollen.
The core of Ponte Tresa was taken in 1998 with a surface
gravity corer developed by the ETH Zu¨rich. The sediments
were annually laminated (C. Ohlendorf 2002, pers. comm.)
and we analysed the sediments of seven varves dated a.d.
1982–1988. Pollen analysis was carried out by W. Tinner
at Lago di Origlio and Lago di Muzzano and by M. Gug-
gisberg at Ponte Tresa.
Palynological data
Inter-annual variation in pollen productivity (masting years,
climatic variability) and dispersal (meteorological condi-
tions at time of pollen release) are well documented for
tree taxa. According to Hicks (2001), it is imperative that
a surface sample represents a period of at least 5 years to
avoid extreme annual variations. In our case, in order to
smooth this variability, 7–9 levels of pollen samples were
taken into account for each lake.
Pollen data are expressed as percentage values, which are
sensitive to special vegetational characteristics and thus the
most promising method for providing detailed, quantitative
reconstruction of forest composition (Jackson 1994). The
pollen sum is adapted to the main question of the study, in-
cluding only tree taxa. Pinus sylvestris and P. cembra were
summarized under Pinus; Fraxinus excelsior and F. ornus
under Fraxinus; and Quercus ilex, Q. robur, Q. petraea,
Q. pubescens, Q. cerris under Quercus, and Alnus incana
and A. glutinosa under Alnus glutinosa-type (A. incana is
very rare in the area, but cannot be excluded). Because
of the high resolution of the study, insect-pollinated and
consistently underrepresented taxa such as Robinia were
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Table 2 Correction factors
used. For taxa without
information about correction
factors (Juglans regia, Ostrya
carpinifolia, Populus, Salix) raw
values were not changed (i.e.
correction factor = 1)
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Andersen (1970) 0.5 1 0.25 (1) (1) 1 0.25 2 2 0.25 0.25 2 0.33 0.5
Lang (1994) 1 1 0.25 4 4 1 0.25 4 1 1 0.25 4 1 1
also considered, but grouped under “other taxa”. Further
attributed to the group of “other taxa” are the pollen of
Aesculus hippocastanum, Arecaceae, Buxus sempervirens,
Carpinus betulus, Cedrus, Chamaerops humilis, Hedera
helix, Ilex aquifolium, Juniperus, Liquidambar styraciflua,
Parthenocissus, Phillyrea, Pistacia, Platanus, Myrtus com-
munis, Oleaceae, Olea-type, Rosaceae, Sorbus aucuparia,
S. aria, Taxus baccata, Trachycarpus fortunei, Tsuga and
Vitis.
Correction factors
Fagerlind (1952) demonstrated that differences in pollen
productivity among taxa can give rise to a non linear re-
lationship between pollen and tree percentages (Fagerlind
effect). Wind-pollinated taxa producing a large amount of
small pollen grains are usually overrepresented in the pollen
assemblages. Zoophilous and amphiphilous (both wind-
and insect-pollinated) taxa such as Tilia, Acer, and Salix
occur in temperate zone pollen assemblages, but they are
consistently underrepresented if compared to their abun-
dance in vegetation (Bradshaw 1981; Jackson 1994). In
our study we therefore applied correction factors for each
single taxon as proposed by Andersen (1970) and Lang
(1994), who modified the correction factors of Fægri and
Iversen (1950) for the situation in central Europe (see also
Table 2). The correction factors were applied to the pollen
counts in order to avoid non-linearity effects in the cor-
rected percentage values (Jackson 1994).
Vegetation survey
According to Jacobson and Bradshaw (1981), local pollen
is defined as originating from plants growing within 20 m
of the edge of the sampled lake, extra-local pollen as com-
ing from plants growing between 20 and several hundred
metres from the lake, and regional pollen as derived from
plants at a greater distance. For the two small lakes Lago di
Origlio and Lago di Muzzano, the local and extralocal vege-
tation as thereby defined by Jacobson and Bradshaw (1981)
was surveyed in the field as the relative crown coverage of
the tree species according to Andersen (1970). At Lago
di Origlio the surveyed area corresponds to the watershed
(Fig. 2a), at Lago di Muzzano to a mean distance around of
the lake shore of 600 m (Fig. 2b). It was assumed that the
pollen-source strength of a given taxon is directly related to
the flower density on distal buds, which are in turn related to
the crown area (Jackson 1994). Each forest stand was con-
sidered as a homogeneous vegetation unit and for each tree
species the percentage of the crown coverage was estimated
(mapping threshold 5%), giving in total 100%. Single trees
in open areas were also mapped, and their crown projec-
tion was assumed to be 25 m2 for broadleaved species and
50 m2 for coniferous species, which corresponds to average
values in our study area.
For the large-scale survey of the regional vegetation, we
used the data from the first Swiss National Forest Inven-
tory (NFI), where permanent plots were created as sample
units on a 1 × 1 km2 square grid for the whole forest area
(EAFV 1988). The DBH (diameter at breast height) of
all surveyed trees in the plots were used to calculate the
basal areas (cross-sectional area of the stem 1.3 m above
the ground), there being generally assumed a close linear
correspondence between basal area and crown coverage of
trees (Andersen 1970; Jackson 1994).
The data from the field survey of the local vegetation of
Origlio and Muzzano were transferred to GIS, and the per-
centage cover of each species was calculated for concentric
areas around the lakes, increasing the radius by 100 m at
each step.
The data from the single plots of the first Swiss Forest
National Inventory were also assembled to concentric areas
around the lake, building radii of 10 and 15 km respectively
and finally for the whole region of Sottoceneri (see Fig. 1).
The Italian part of the watershed of the Basin of Ponte
Tresa was not surveyed, but we assume a forest vegetation
similar to that in the Swiss part of the lake catchment.
Data analysis
Distance-weighting of the vegetation data
Beside the absolute vegetation data, that is the sum of crown
projections or basal areas for each concentric area, two
weighting functions were applied: inverse distance weight-
ing, 1/d, where d is the distance in metres from a point
at the centre of the pollen sampling area, and the inverse
squared-distance weighting 1/d2, as described in Brostro¨m
et al. (2004). For the calculation, a 10 × 10 m grid was
calculated for the surveyed area around the lakes of Origlio
and Muzzano, and the corresponding percentage in crown
coverage of each species was attributed to each grid point.
Similarly, for the sample plots of the Swiss National Forest
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Fig. 2 Distribution of Fagus sylvatica according to the field survey of the vegetation in the lake catchments; a Lago Origlio; b Lago
Muzzano
Inventory, the basal area of each species was transformed
to percentages and the values were weighted 10,000 times
in order to simulate a 10 × 10 m grid.
Ratio pollen:plants
We analysed the relationship between pollen and plants by
calculating a ratio:
Ra = pollen percentages of taxon a/vegetation
percentages of taxon a for a given source area
If Ra is greater than 1, the taxon is over-represented in
the pollen assemblage with respect to its presence in the
area of reference. The Ra factors were then used for the
empirical analysis of the quality of the fit of the different
source areas considered.
Results and discussion
Pollen-vegetation relationship for a single taxon
Pollen and plant frequencies do not agree absolutely and the
relationship among them is not constant (Fig. 3). Although
all major taxa growing around the lakes are represented
in the pollen record, there are substantial differences in
representation among them. As already stated by previous
authors (Straka 1975), some species are over-represented in
the pollen data, such as Pinus, Alnus glutinosa-type, Ostrya
carpinifolia, and partially Salix and Betula as well, while
others are slightly (Castanea sativa, Quercus, Fraxinus,
Larix decidua) or clearly underrepresented such as Fagus
sylvatica, Tilia and Acer.
The correction factors as proposed by Andersen (1970)
and Fægri and Iversen (1950; modified by Lang 1994) gen-
erally mitigate these biases, with some important excep-
tions such as Castanea sativa and Fraxinus for Lang (1994)
and Ostrya carpinifolia for Andersen (1970). Among the
distance-weighting factors, the 1/d seems to perform better
than 1/d2 (Figs. 3 and 4). The 1/d2 weighting function dis-
plays a flat behaviour, being strongly influenced by the val-
ues of the first 100 m around the lake, which is in agreement
with the discussion by Brostro¨m et al. (2004). This makes
the 1/d2 unsuitable for the southern Alps, where the lake
shores are colonized in a narrow belt (a few decametres) by
wetland taxa (see, for example Alnus glutinosa, Salix, and
Fraxinus in Fig. 4). In contrast, tree species with a marked
long-distance pollen dispersal that are absent near the lakes
such as Ostrya carpinifolia and Pinus sylvestris, are not rep-
resented in the vegetational data when the 1/d2 is used (Fig.
4). Nielsen and Odgaard (2005) also found stronger corre-
lations between distance-weighted land cover and pollen
proportions with 1/d than with 1/d2. Our results therefore
do not support the value of 1/d2 as reported by Calcote
(1995), who estimated the relevant source area of pollen for
seven North American tree taxa. Instead, in agreement with
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Fig. 3 Pollen percentages and covered area percentages for selected tree taxa at the three study sites
Brostro¨m et al. (2004) we conclude that a taxon-specific
distance-weighting is theoretically more satisfactory than a
general distance-weighting with 1/d2 or 1/d functions. Un-
fortunately, there is still a lack of basic knowledge about
physical features (e.g. dimensions, weight) and transport
mechanisms of pollen of broadleaved species such as Cas-
tanea sativa and Ostrya carpinifolia, which at present im-
pedes such a modelling in our study region.
Ra-values
The Ra-values of the taxa (pollen: plant ratio) show clear
fluctuations along the spatial gradient of all three lakes
(Fig. 5). The underlying grey pattern represents the gen-
eral linear trend that we assume to be characteristic for the
given taxon. Trees with long-distance pollen dispersal such
as Ostrya carpinifolia, Pinus sp., and Betula sp. are char-
acterized by very high Ra-values in the vicinity of the lakes
and a decreasing trend with increasing distance from the
lake shore. This implies that the correspondence between
pollen and plant abundances improves with increasing dis-
tance. Ra-values for Ostrya carpinifolia and Pinus remain
high and unstable even when referred to the entire region
of Sottoceneri, suggesting that a significant portion of the
pollen of this taxon originates from extra-local sources (on
an average >5 km). Trees belonging to this group have
pollen with very efficient dispersal mechanisms (light, wind
transported pollen with low settling velocity).
Another group, represented in Fig. 5 by Alnus glutinosa-
type and Salix, is characterized by low pollen dispersal
and a biased spatial distribution of the trees related to wet-
lands around the lakes. Therefore the Ra-values increase
with increasing distance from the lake edge, showing de-
creasing correspondence between pollen and vegetation
abundance. Other tree species with a similar pattern are
Tilia, Fraxinus (Fig. 5), and Acer (data not shown), but
the Ra-values remain relatively low throughout the en-
tire spatial gradient. An explanation is that these trees
are more homogeneously distributed and not related to
wetlands.
Castanea sativa and Quercus display a very homoge-
nous distribution (at least in the lowlands), as is reflected
by almost constant Ra-values. In the case of Quercus,
the Ra-values remain below 1, indicating a slight under-
representation of the pollen. This applies especially to the
smallest lake, Lago di Origlio (Fig. 5).
Fagus sylvatica has relatively heavy and rapidly falling
pollen grains with a reduced dispersal radius (Moore et al.
1991). F. sylvatica pollen therefore usually originates from
areas near the lake shore or mire edge and thus tends to
be underrepresented in pollen assemblages (Straka 1975;
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Fig. 4 Pollen percentages and distance-weighted covered area percentages for selected tree taxa at the three study sites. 1/d (small rhombic
points) and 1/d2 (large square points)
Jacobson and Bradshaw 1981). The spatial distribution of
the Ra-values (Fig. 5) confirms this effect: if the taxon is
present near the lake, it is well represented as pollen. The
effect increases with decreasing size of the lake, for exam-
ple Origlio vs. Muzzano in Fig. 3. Regional F. sylvatica
stands do not contribute much to the pollen deposition:
beyond 400–600 m from the lake shore, Ra-values of F.
sylvatica decrease abruptly, showing a strongly decreas-
ing correspondence between pollen and vegetation. These
examples show how much the area, from which the main
pollen is dispersed, differs for each different taxon. F. syl-
vatica is weakly represented in the sediment record, though
it is conspicuously present in the region of the Sottoceneri,
where according to the first Swiss National Forest Inven-
tory it represents 25.6 ± 3.0% of the total basal area (see
e.g. Fig. 2a and b). Conversely, Ostrya carpinifolia is well-
represented in the sediment record, although the nearest
relevant stands, covering 3.5 ± 0.8% of the basal area of
the Sottoceneri in the National Forest Inventory, are sit-
uated several km away, being the species confined to the
limestone area for ecological reasons. An exception to this
general pattern is represented by the limestone area with
Ostrya carpinifolia on the southern slope of Monte Caslano
(see Fig. 1). These small stands could to some extent be
responsible for the conspicuous pollen values of the species
at Ponte Tresa.
Estimating the relevant source area of pollen
Our data indicate that the size of the lake significantly
influences the pollen assemblages (Fig. 6). The over-
representation of taxa that are easily dispersed and/or good
pollen producers, such as Pinus or Ostrya carpinifolia,
increases with increasing lake size. Conversely, tree taxa
which are locally present near the shore, such as Alnus
glutinosa, or trees with reduced pollen dispersal, such as
Castanea sativa and Tilia, display lower percentages with
increasing lake size. The ratio between the pollen sum of
taxa with predominantly long-distance (distal) transported
pollen (Ostrya carpinifolia, Pinus, Betula) and pollen with
more local (proximal) pollen dispersal (Alnus glutinosa-
type, Salix, Fagus sylvatica, Fraxinus, Acer, Castanea
sativa) increases with increasing lake size (0.09 for Origlio,
0.14 for Muzzano, 0.29 for Ponte Tresa). We can thus con-
firm the general assumption that the proportion of pollen
transported from long distance increases with increasing
lake size (see Jackson 1990; Brostro¨m et al. 2004). As a
result, assuming a similar vegetation pattern in the sur-
rounding area of a site, the relevant source area of pollen
should increase with increasing lake size. To test this hy-
pothesis, we calculated average Ra-values for all trees con-
sidered for different concentric belts around the study sites
(Fig. 7). Ra-values closest to 1 are reached at 300 m around
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Fig. 5 Distance-unweighted Ra-values as a function of the different areas considered for selected tree taxa at the three study sites. The
underlying grey pattern represents the general linear trend that we assume to be characteristic for the given taxon; grey bars represent outliers
Fig. 6 Pollen percentages
(original uncorrected data) at
the three study sites
the lake and the lake-catchment level for Lago di Origlio
(6.34 ha, see also Fig. 2). For the larger Lago di Muzzano
(22.22 ha) the best fit is at 600 m from the lake shore.
No such estimates are possible for Ponte Tresa (Fig. 7),
since the local and extra-local vegetation around the lake
was not mapped in detail. Taken together, if referred to
mean values (over all tree taxa), the studied lakes in south-
ern Switzerland seem to provide results very similar to
those obtained by Sugita (1994), who estimated the rele-
vant source area of pollen around lakes of different sizes
by using quantitative approaches. According to this author,
medium-sized lakes (R = 250 m), comparable to Lago di
Muzzano (R = 266 m), display a relevant source area of
pollen of 600–800 m, whereas source areas of pollen of
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Fig. 7 Distance-unweighted mean Ra-values over all tree taxa as
function of the different areas and the correction factors considered
at the three study sites
larger lakes become unstable if the vegetation is distributed
in small patches.
Conclusions
In this paper we analysed for the first time the pollen-
vegetation relationships for lakes located in the Castanea
sativa-dominated broadleaved forests of southern Switzer-
land by empirical means.
The results of our investigation are generally in good
agreement with the main findings of empirical and mod-
elling studies conducted in northern Europe and North
America. Nevertheless, the great differences in pollen dis-
persal between species, the non homogeneous spatial distri-
bution pattern of some species such as Ostrya carpinifolia,
Alnus glutinosa, and Fagus sylvatica, and as a consequence
the great differences in pollen source areas among the taxa
have to be taken in account when trying to assess the to-
tal (taxa-independent) relevant source area of pollen sensu
Sugita (1994). A grouping of trees according to pollen dis-
persal and pollen productivity seems a promising approach
for the spatially and ecologically strongly differentiated
vegetation types such as those of the southern Alps. Taxon-
specific pollen dispersal patterns are clearly recognizable
and are similar to those found in previous investigations in
northern Europe (Fægri and Iversen 1950; Andersen 1970).
In this context, the ratio between the total percentages of
predominantly long-distance dispersed pollen and the to-
tal percentages of more locally dispersed pollen is a good
indicator for the estimation of the background pollen load.
At our sites the proportion of predominantly long-distance
dispersed pollen increases with increasing lake size, high-
lighting the increasing role of long-distance atmospheric
pollen transport for large sites. The results achieved in our
study underline the necessity of extending this approach to
other parts of southern Europe, since the relationships be-
tween pollen and vegetation has so far not been addressed
in detail in some of the most important vegetation types of
this area, such as Ostrya carpinifolia and Castanea sativa
woodlands. A better knowledge of the spatial resolution of
the pollen data is in fact a prerequisite for a correct ecolog-
ical and palaeoecological interpretation of pollen records
of sites in the Mediterranean region and elsewhere.
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